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. , $h_{0}$. .
$\overline{U}(y)=u_{0}\{2(y/h_{0}.)-(y/h_{0})^{2}\}$ $x$ ,
$0^{0}\mathrm{C}$ . , $u_{0}.=gh_{0}^{2}.\mathrm{s}$in $\theta/(2\nu)$ .
$h_{0}$ $Q,$ $\theta,$ $l$ $h_{0}=[3\nu Q/(lg\sin\theta)]^{1/3}$ [7]. , $g$ , $\nu$
. , $h_{0}$ $u_{0}$ , $Q,$ $\theta,$ $l$
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’ , , , $T\iota,$ $T$s’ $T_{a}$
$\frac{\partial T_{l}}{\partial t}+u\frac{\partial T,}{\partial x}.+v\frac{\partial T_{l}}{\partial y}=ti_{l}(\frac{\partial^{\sim}T_{l}}{\partial x},.\underline’+\frac{\partial T_{l}}{\partial y-}\underline’,)$ . (1)
$\frac{\partial T_{\mathrm{g}}}{\partial t}-\overline{\mathrm{t}^{\gamma}}\frac{\partial T_{s}}{\partial y}.=\kappa_{\dot{\mathrm{L}}}$
. ( $+ \frac{\partial^{\underline{2}}T_{s}}{\partial y-}.’$). (2)
$\frac{\partial T_{a}}{\partial t}-\overline{V}\frac{\partial T_{a}}{\partial y}=h_{a}$
. ( $+ \frac{\partial^{2}T_{a}}{\partial_{y^{\wedge}}^{9}}$) (3)
. , $t$ # , $u,$ $\iota$’ $\overline{V}$ $x,$ $y$ . $\kappa_{l}.$ ,
$\mathit{1}i_{\mathrm{S}}$ , \kappa , , , . ,
, $\overline{V}$






$+u. \frac{\partial u}{\partial x}.+v\frac{\partial_{ll}}{\partial y}=-\frac{1}{\rho\iota}\frac{\partial p}{\partial x}.+\nu(.\frac{\partial^{-}\cdot u}{\partial x^{2}}.’$
.
$+ \frac{\partial^{\underline{9}}u}{\partial y^{2}}.)+g\sin\theta$, (4)
$\frac{\partial\iota\prime}{\partial t}+u\frac{\partial v}{\partial x}$ ) $\frac{\partial\iota 1}{\partial y}=-\frac{1}{\rho_{l}}\frac{\partial p}{\partial y}+\nu(\frac{\partial l}{\partial x^{2}}\underline’,$ $+ \frac{\partial^{\underline{)}}\cdot v}{\partial y^{2}}.)-g\cos\theta$ (5)
,
$\frac{\partial u}{\partial x}+\frac{\partial\iota\prime}{\partial y}=0$ (6)
. $p$ , $\rho\iota$ .
2.2
$T_{l},$ $T_{s}$ , $T_{a},$ $\cdot u,$ $\cdot\iota)$ : $T_{l}=\overline{T}\iota+T_{l}’$ ,
$T_{s}=.\overline{T}_{s}+T_{\theta}’,$ $T_{a}=\overline{T}_{a}+T_{a}’,$ $u=\overline{U}+u’,$ $v=-\rho V$
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. , $x$
$\acute{\zeta}$ (t, $x$ ) $=\zeta$k $\exp[\sigma t+ik.x]$ (7)
. , $k$ , $\sigma=\sigma_{r}+\cdot i\sigma_{i},$ $\sigma$r , $\iota_{p}’\equiv-\sigma_{i}/k$
, $\zeta_{\mathrm{A}}$. . , , , , $.\text{ }$
.
$\xi$ (t, $x$ ) $=h_{0}+\xi_{k}\exp[\sigma t+ik.x.]$ , $(\overline{8})$
$T_{l}’=g \iota(y)\exp(-\frac{\rho\overline{V}}{2\kappa_{l}}.y)\exp[\sigma t+ih..x.]$ , (9)
$T_{s}’=g_{s}(y) \exp(-.\frac{\mathfrak{s}^{-},\prime}{2\kappa_{s}}.y)\exp[\sigma t+\cdot ikx]$. (10)
$T_{a}’=g_{a}(y) \exp[-.\frac{\overline{V}}{2t\overline{\backslash _{l}}a}(y-h_{0})]\exp[\sigma t+\cdot ikx]$ , (11)
$\tau \mathit{1}’’=f(y)\tilde{\zeta}_{k}\exp[\sigma t+i.kx]$ . (12)




$T_{\iota}$ $\sim=T_{s}|_{y=\zeta}=T$ $1+\Delta T$ . (13)
$\Delta T$ $\zeta_{k}$ . Gibbs-Thomson [8] $\Delta T$
, (13) $\Delta T$ ,
. ,
$L( \overline{V}+\frac{\partial\zeta}{\partial t})=I_{\acute{1}_{s}}\frac{\partial T_{s}}{\partial y}|_{y=\zeta}-I\dot{\acute{\iota}}_{l}\frac{\partial T_{l}}{\partial y}|_{y=\zeta}$ . (14)
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$- \mathrm{A}_{l}’.\frac{\partial T_{1}}{\partial y}|_{y=\xi}=-I\mathrm{i}_{a}\frac{\partial T_{a}}{\partial y}|_{y=\xi}$ (16)






$\frac{\partial\xi}{\partial t}+\overline{U}|_{y=\xi}\frac{\partial\xi}{\partial x}.=v|_{y=\xi}$ . (19)
,
$\frac{\partial u}{\partial y}|_{y=\xi}+\frac{\partial\cdot\iota 1}{\partial x}|_{y=\xi}=0$ . (20)
,
$-p|_{y=\xi}+2 \rho\iota\nu\frac{\partial_{\mathrm{t}}}{\partial y}.’|_{y=\xi}-\gamma\frac{\partial\xi}{\partial’x}.\underline’\underline,=-P_{0}$ . (21)
, $\gamma$ , $P_{0}$ .
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. $\mu=kh$0 , $\mu\ll 1$ . $u’$ ,




$=i \mu{\rm Re}\{(2y_{*}-y_{*}^{\sim}’)\frac{d^{2}f}{dy_{*}2}+2f\}$ (22)
. , $y_{*}=y/h_{0}$ . (17)-(21) ,
(22) ,
$f(y_{*})$ $=$ -2$y$. $+ \frac{3(2-i\alpha)}{6-i\alpha}y_{*}^{\sim}’+\frac{i\alpha}{6-i\alpha}.y_{*}^{3}+\mu{\rm Re} a\cdot\{\frac{-96-8i\alpha}{105(6-i\alpha)^{2}}y_{*}^{\sim}’+\frac{4i\alpha}{35(6-i\alpha)^{2}}.y$ ;
$+ \frac{1}{15(6-i\alpha)}y_{*}^{5}-\frac{1}{30(6-i\alpha)}.y_{*}^{6}+\frac{1}{210(6-i\alpha)}y_{*}^{7}\}$ (23)
. ,
$\alpha=\frac{\mu{\rm Re}\cos\theta}{F^{7}}.+\mu^{3}{\rm Re} S=2\mathrm{c}$ Ot $\theta h_{0}k+a\underline’ h$0 $k^{3}$ (24)
[7]. $F=.u_{0}/(gh_{0})^{1/}\underline’$ – \vdash ‘‘ , $s=\gamma/(\rho\prime^{h}0u^{\frac{9}{0}})$
. $a=\sqrt{2\gamma/(\rho\iota g\sin\theta}$) $\gamma$
[7], 3.9 lnnl . (19) , $\xi_{k}$
$\zeta_{k}$
$/\mathrm{t}\ovalbox{\tt\small REJECT}$ :
$\xi k=-f|_{y}.=1\zeta^{k}h=\{\frac{6}{6-i\alpha}+\frac{24\mu{\rm Re}\alpha}{35(6-i\alpha)^{2}}\}(_{k}..$ (25)
, , $\alpha$ . ,
$|$- , $\alpha$ $\xi_{k}=\dot{\zeta}k$ ,
.
2.5
$T_{1}’$ $v’$ (1) , $\sigma/(\kappa_{\mathfrak{l}}.k^{2})<<1$ , $k\kappa\iota/1^{-_{\gamma}}’\gg 1$
, $g\mathfrak{s}$. ,
$\frac{d^{arrow}g_{l}}{d\approx^{2}},-$ i7y,Pe $(1-\approx\underline’)g\iota=i\mu$Pe$f(_{-}^{\sim})\overline{G}_{l}\zeta_{k}$. (26)
. $\approx=1-y_{*}$ , Pe $=u_{0}h_{0}/h.l=3Q/(2l\kappa.l)$ ,
$\overline{G}’=(T_{\mathrm{r}n}-T_{la})/h_{0}$ .
(15), (16) , (26) ,





$\phi$ 1 $( \approx)=\exp(-.\frac{1}{2}(-i\mu \mathrm{P}\mathrm{e})_{-}^{1/2_{\sim}}2)$ 1\sim 1 $( \frac{1}{4}\{1+.\frac{i\mu \mathrm{P}\mathrm{e}}{(-i\mu \mathrm{P}\mathrm{e})^{1/}\sim},\},.\frac{1}{2},$ $(-\mathrm{i}.\mu \mathrm{P}\mathrm{e})^{1/}\sim’\sim)\approx^{?}$ , (28)
$\phi$2 $(z)= \approx\exp(-\frac{1}{2}(-i\mu \mathrm{P}\mathrm{e})^{1/2}\approx^{2})1$ F1 $(. \frac{1}{2}+\frac{1}{4}\{1+\frac{i\mu \mathrm{P}\mathrm{e}}{(-i\mu \mathrm{P}\mathrm{e})^{1/}},.\},$ $\frac{3}{2}’(-i\mu \mathrm{P}\mathrm{e})^{1/2}\approx 2)$ (29)
, $1F_{1}$ .
2.6
$\sigma/(\kappa_{s}.k^{2})<<1$ , (2) ,
$g_{s}(y)=T_{\mathrm{A}\cdot s}.\mathrm{e}\mathrm{x}$p(k.y). (30)
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3: $Q=160\mathrm{m}\mathrm{l}/\mathrm{h}$ , $\lambda_{\max}$ \lambda me $\sin\theta$ . $\blacksquare$ : [3], : -
[4], $\mathrm{o}$ : [5].
. $g\iota$ , $\Delta T$ . , $k\kappa_{l}./\overline{V}>>1,$
$k.\kappa_{s}/\overline{V}\gg 1$ , (27), (30), (31) , (14)
,
$\sigma=\frac{\overline{V}}{f\iota_{0}}\{\frac{dH\iota}{d\approx}|_{z=1}+n\mu(H_{l}|_{z=1}-1)\}$ (32)
. $n=I\acute{\mathrm{s}}_{s}/I\acute{\backslash }_{l}$ .
(32) , , , ,
$\sigma_{\mathrm{r}}=\frac{\overline{V}}{h_{0}}[\frac{-\frac{3}{9\sim}\alpha(\mu \mathrm{P}\mathrm{e})+\mu.\{36-\frac{3}{}o’(\mu \mathrm{P}\mathrm{e})\}}{36+\alpha^{2}}\underline’+n.\mu\frac{-\frac{7}{10}\alpha(\mu \mathrm{P}\mathrm{e})-\alpha^{2}+\mu\{36-\frac{n}{10}\alpha(\mu \mathrm{P}\mathrm{e})\}}{36+\alpha^{\underline{?}}}]$ (33)
$v_{p}=- \frac{\overline{V}}{\mu}[\frac{-\frac{1}{4}\alpha^{2}(\mu \mathrm{P}\mathrm{e})+\mu\{6\alpha+9(\mu \mathrm{P}\mathrm{e})\}}{36+a}\underline,+n.\mu\frac{6\alpha-\frac{7}{60}\alpha^{9}\sim(\mu \mathrm{P}\mathrm{e})+\mu\{6\alpha+\frac{\sim 91}{5}(\mu \mathrm{P}\mathrm{e})\}}{36+\alpha^{9}\sim}]$ (34)
. , -
$\sigma_{r}=\overline{V}k\frac{1-\frac{239}{10080}(\mu \mathrm{P}\mathrm{e})^{2}}{\{1-\frac{239}{10080}(\mu \mathrm{P}\mathrm{e})^{2}\}^{2}+\{\frac{5}{12}\mu \mathrm{P}\mathrm{e}\}^{2}}$ , (35)
$v_{\mathrm{p}}= \overline{V}\frac{\frac{5}{12}\mu \mathrm{P}\mathrm{e}}{\{1-\frac{239}{10080}(\mu \mathrm{P}\mathrm{e})^{2}\}^{2}+\{\frac{5}{12}\mu \mathrm{P}\mathrm{e}\}^{9}\sim}$ (36)
[4]. , (33), (34) $\alpha$ , (35),
(36) . $\sigma_{r}$ , $\lambda_{\max}$
$\theta$ . 3 , (33) , (35)
. (33) , $\mathrm{t}^{-_{\gamma}}$
, $\lambda_{\mathrm{m}\mathrm{a})}$( . $v_{\mathrm{p}}$ ,
. (34) , $\sigma_{r}$ , $0.6\overline{V}$ .
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4 , $\zeta_{k}/h_{0}=0.1$ $\Im[\zeta/h_{0}]$ .
$\Im[\xi/h_{0}]$ . ,
(25) . , $q_{l}\equiv\Im$. [–K,( Tl’/\partial y) $1_{y=\zeta}]$
$q_{s}\equiv\Im[-I\acute{\mathrm{t}}_{S}$ $(\partial T_{s}’/\partial y)|_{y=}$ , ’
$q\text{ }\equiv\triangleright s[-I\acute{\mathrm{i}}_{a}(\partial T_{a}’/\partial y)|_{y=\xi}]$ . 4 $\ovalbox{\tt\small REJECT}/$ $q_{l}-q_{s}$ , q l ‘ ,
, 0.1
. (14) $\Im[\sigma\exp(\sigma t+ik.x)]=|\sigma|\exp(\sigma_{r}t.)\sin$ [k $(x-\iota\prime_{p}t)-\phi$ ] $=q\iota-q_{S}$
. , $|\sigma|=\sqrt{\sigma_{\mathrm{r}}^{2}+\sigma\frac{}{j}}’,$ $\sigma_{r}=|\sigma|\cos\phi$ , $\sigma_{i}=-|\sigma|\sin\phi$ , $\phi$ $\Im\cdot[\zeta/h.0]$
$q_{1}-q_{S}$ . 4 $(\mathrm{a})-(\mathrm{c})$ $\phi<0$ . $\iota_{p}’=-\sigma_{\dot{*}}/h$.
, $\phi<0$ $\sigma_{i}>0$ , $\iota_{p}’<0$ . , $\sigma_{r}$ $\phi$
.
4(a) , (33) $\sigma_{r}>0$ . q ,
. , .
, , $\alpha$ ,
, $\triangleleft^{\propto}[\xi/h_{0}]$ $\propto\triangleleft[\zeta/h_{0}]$ . ,
, . Mullins-Sekerka [8]
. , $q\iota-q_{S}$ $\phi$
, . ,
. , $q|-q_{s}$
$\text{ }$ . $-\pi/2<\phi<0$ ,
. (34) , 1 ,
,
.
, Mullins-Sekerka [8] [4]
. 4(b) , (33) $\sigma_{r}=0$ .
$\triangleleft^{\circ}\cdot[\zeta/h\mathrm{o}]$ $q_{l}-q_{\mathit{8}}$ $\phi=-\pi/2$ . 4(c) , (33) $\sigma_{r}<0$
. $\alpha$ , $s^{\triangleright}[\xi/h_{0}]$ q
. $\propto\triangleleft[\zeta/h_{0}.]$ $q_{l}-q$, \pi $<\phi<-\pi/2$
. , $q_{l}-q_{s}$ ,
$q_{l}-q_{s}$ ,
. $\text{ }$ , Gibbs-Thomson
.
Mullins-Sekerka , , $\mathfrak{B}_{\backslash \backslash }.\#$b
, .
$\mathrm{A}\subset 1$ , $\Gamma\neq$ . ,
24
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. $’.\backslash .\backslash \backslash \hat{.}\phi^{0.\mathrm{s}}$
4: $\Im[\zeta/h_{0}]$ ( ), $1+\triangleleft^{\propto}.[\xi/h_{0}]$ ( ),
$\Im[\zeta/h_{0}.]$ $q\iota-q_{s}$ ( $\text{ }$ ), $1+\Im\cdot[\xi/h_{0}]$ $q_{a}$ ( $\text{ }$). (a) $k=634/\mathrm{m},$ $(\mathrm{b})$
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